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Proceedings: Third International Conference on Case Histories in Geotechnical Engineering, St. Louis, Missouri,
June 1-4,1993, Paper No. 11.07

Remediation of Contaminated Sites - Case Histories
D. D. Genske and H. Klapperich

P. Noll

Deutsche Montan Technologie DMT-IWB, Franz Fischer Weg,
Essen, Germany

Montan Grundstucksentwicklungsgesellschaft, MGE, Zur
Pannhutt 64, 4355 Waltrop, Germany

SYNOPSIS In this paper, two major remediation projects located in the German Ruhr District will be introduced. The key to
an effective land re-utilization plan is a harmonized management of ground investigation, risk assessment and clean-up
strategies. Geotechnical and hydrogeological techniques, as well as economical risks involved in the recycling of industrial
wasteland will be discussed. Criteria which led to the acceptance of certain remediation techniques will be reflected and their
validity will be examined. It will be analyzed whether the projected performance objectives have been met and the demands
of both, the investors and the environmental protection agencies have been satisfied. Special attention will be paid to the costeffectiveness of the remediation strategies proposed.
INTRODUCfiON
The Ruhr District in NW Germany is one of the major
industrial regions of Western Europe, covering an area of
about 1.400 km2 with a population of some 5 million. In the
middle of the last century vast coal resources were
discovered. Since that time a large number of coal mines
have been established (fig. 1). The mining activities also
initiated a great variety of secondary industries, such as coal
refinement plants, steel industries, chemical plants etc. Due
to the lack of space the development of different kinds of
industries quite often took place at the very same site.
Because the founding of most of the mines date back to
the last half of the 19th century or the beginning of this
century most of them have experienced both world wars.
Since the end of the second world war the German coal
industry has been declining. This in only partly due to the

exploitation of the easy accessible coal resources. A major
reason is the fall of the coal prices on the world market and
the gradual increase of safety standards for coal mining in
Germany. Besides the short but intensive coal boom during
the oil crisis in the 70s it eventually became cheaper to buy
coal from abroad rather than to mine it.
Since most of the industries in the Ruhr-District were
based on and connected with coal mining the whole region,
which is one of the most densely populated in Europe, was
left with an uncertain future. The politicians were urged to
act upon this state of suspense and halt the decline of
Germanies most important and distinguished industrial
region. In the early 80s it was therefore decided to stimulate
the development of alternative businesses. Public funding
helped to establish so called 'Technology Parks' housing a

Fig. 1. The mine and coking
plant Prosper III around
1920. In the Ruhr District,
mines like Prosper lli quite
often became the nucleus of
booming cities.
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variety of different, sometimes cooperating industry
branches. There was one big problem, though: not enough
space was available. It became therefore necessary to reuse
the land of the fonner mining sites. This had a couple of
advantages: Most of these sites are located in or close to the
center of the cities (fig. 2). In fact, some cities were even
founded as a consequence of a prosperous coal mine.
Therefore, all the infrastructure is already there. No move
of the workers has to be considered. Historically grown
structures can be preserved.
However, during the changing course of the history of the
mining sites a broad variety of contaminants leached into
the ground, causing severely polluted areas. Furthermore,
during the two world wars production of war equipment
and missiles took place on the former mining sites. Beside
the fact that a number of buildings were destroyed during
the air raids, also documents concerning the function and
location of facilities were lost. The destruction of the
annament and mining facilities has certainly contributed to
the contamination of the sites.
After the second world war the reconstruction of the
German industry was pushed forward, especially in the
Ruhr District, leaving no space for environmental thoughts
whatsoever. Today, city planners have to cope with serious
pollution problems.
The remediation of the former mining sites in the RuhrDistrict and the reestablishment of alternative industries
have now become both a challenge for city planners and a
prestigious attribute for ambitious politicians. It has become
the declared goal of the German government to convert the
Ruhr District into the greenest industrial region in the
world. One important piece in this campaign is to let the
'Internationale Bauaustelhmg' - an international city
planning fair - take place in the Ruhr District. The plan
was settled in 1989. The first project will be presented to
the public in 1994.

Fig. 2. Aerial photography of the city of Bottrop. In the
center the derelict mine Prosper m can be recognized.
industrial park. The European Community provided the
project with appropriate funding (European Fund for
Regional Development EFRE) so that only about 50% of the
remediation costs had to be supplied be the owners of the
former mining site.
As to the geological situation the subsoil of the Brauck
site can be divided into three parts: an upper filling with
foundation fragments (2 to 9 meters), a middle stratum of
quarternary sediments (about 10 meter below surface) and a
fractured cretaceous marl as bedrock. The groundwater
table is located at a depth of about 5 meters.
A serious hydrocarbon contamination has been detected in
the vicinity of the former coking plant. During the past
decades the pollutants have migrated through the porous
sediments into the fractured rot:k where they have been
percolating through the joint network.

CASESTUDffiS
Example 1: The Brauck Park
Brauck Park is located at the former mine and coking plant
'Oraf Moltke 3/4' in the northwestern part of the RubeDistrict close to the city of Essen and covers an area of
about 230.000 m2. In 1873 the first shaft was excavated,
three more followed within the next 30 years. A coking
plant was built in 1903ft)4 followed by benzol and ammonia
factories. Within the next 50 years additional industries
were established, turning the site into a multiuse industrial
complex. The coal production went up to 1 million tons per
year in the 60s until the mine was closed down in 1971.
In the following years the Oraf Moltke Coal Mine became
a typical industrial wastelan4 with all its negative attributes.
The positive point, however, was the existing and still intact
infrastructure of the surroundings and the immediate
neighborhood of the site to the A2 Autobahn, one of the
most frequented highways and an important east-west traffic
connection which especially in the light of the German
reunification has become a rather important aspect. It was
therefore decided to remediate the site as a project of the
'Jnternationale Bauaustellung' and establish a high quality
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Example 2: Prosper Park
East of the Brauck site another derelict area was discussed
for remediation: the former coal mine Prosper m. The
mine was established in 1906 and comprises an area of
about 290.000m2, most of which was utilized by a coking
plant and chemical factories. Because of the decline of the
coal industry the mine fmally closed down in 1986 and an
industrial waste site remained, part of which was identified
as highly contaminated.
Since the former Prosper Mine is located in the very
center of the city of Bottrop it was decided to remediate the
abandoned site and establish both, new industries and
residential areas. No public funding was made available,
1246

however, which forced the owners of the fonner mine to
fmance the remediation on their own expenses.
The geology of the Prosper site is quite similar to Brauck
Park. Again, three strata can be distinguished: the upper one
consists of about 1 to 3 meters of loose manmade fillings
such as wasted soil, bricks and the like. Furthennore, a
large number of foundation fragments of the former
facilities were left in the filling, thus creating extremely
inhomogeneous ground conditions. Beneath the filling
undisturbed quarternary sediments, mainly silty sands,
prevail until a depth of about 16 to 20 meters. A continuous
groundwater table was identified at about 5 m below the
surface. The bedrock below the sediments was specified as
fractured cretaceous marls. The upper meter of the marls is
rather distinctly weathered to low penneable soft rock.
The field campaign revealed that part of the manmade
ftllings and the upper quarternary sediments were
considerably contaminated. No significant contaminations
were discovered in the bedrock.

There was a considerable risk involved in this strategy
since the grade of the contamination of the excavated soil
was continuously tested by an independent laboratory. If a
certain contamination threshold was exceeded the soil had to
be dumped on a special waste site at costs of about 700
DMJm3 (440 US$). Fortunately this became necessary only
occasionally so that the overall budget was not overdrawn.
The remediation procedure is depicted in figure 4. The
excavated material was utilized by architects and

REMEDIATION STRATEGIES
In order to remediate the Prosper m site it was decided to
excavate large areas within the site including some local
contaminations and massive foundation fragments to a
depths of about 2 meters (fig. 3) and replace the excavated
ground with coarse cohesionless material, the soil
mechanical parameters of which are good enough to allow
the construction of streets and buildings.
The contaminated soil and foundation fragments were
stored within a sector identified previously as highly
contaminated whereas the less contaminated material was
distributed on the remaining sectors. This made the
movement af about 180.000 m3 soil and foundation
fragments necessary.
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Fig. 4. Contamination, projected land use and remediation
strategy on the Prosper m site.

Fig. 3. Excavation work on the Prosper m site.
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landscaping engineers to shape an undulating topography,
part of which is used as recreation area. The highly
contaminated sectors were covered with a drain and seal
system to avoid an immediate contact with polluted soil and
to stop the infiltration of precipitation through the
contaminated ground since this would cause the migration
of solved pollutants from above the groundwater table into
the saturated zone.
Furthennore, a number of observation wells were
installed. They are continuously probed as to possible
contaminations. So far, the lab results do not suggest any
significant increase of contaminant concentrations. If
increased values would be measured some of the
observation wells would be converted into recovery wells in
order to extract and clean the contaminated groundwater.
Since the geological situation of the Brauck site is rather
similar to Prosper Park it is fairly interesting to compare
the remediation measures chosen. For the Brauck case it
was required by the environmental protection agency to
minimize all excavation. Consequently a different
remediation strategy was agreed on. A special surface
covering technique was chosen for the heavily contaminated
sectors (fig. 5). The cover system had to meet three tasks:
(i) it had to be waterproof to prevent the precipitation to
penetrate into the contaminated ground;
(ii) it had to be gasproof to stop the migration of toxic gas
to the surface;
(iii) it had to be stiff enough to allow the construction of
streets and buildings.
The third aspect accounts for the fairly inhomogeneous
ground conditions. As mentioned already, massive
fragments of the former foundations of the dismantled
buildings have remained in the subground next to loose
fillings, thus causing severe structural problems as to
possible differential settlements of future structures.
To satisfy·all three objectives, a reinforced geotextile
sandwich system was designed. Basically it is composed of
three elements: a lower reinforced support layer, a drain
and seal system, and an upper layer of reinforcement

elements (grits) to account for the vehicular and structural
loads (fig. 6). Although this enforcement strategy may seem
rather pioneering and thus connected with considerable
risks there have been already a number of kindred projects
in eastern Germany, France, England and the United Stated
were the same technique was applied.
The remaining part of the site which has been identified
as only slightly contaminated was covered with ~ 0.50
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Fig. 6. The geotextile sandwich system is installed on a test
site on Graf Moltke 3/4.
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Fig. 5. Contamination, projected land use and remediation
strategy on the Graf Moltke site.
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meters of granular soil. As in the Prosper m case a number
of observation wells were installed, some of which may
become recovery wells if a certain degree of contamination
of the ground water is exceeded. The tolerable
concentrations were negotiated with the environmental
protection agency.

costs per square meter. These costs should include all the
work to be done from the first exploration boring to the
risk analysis, feasibility studies and most of all the
remediation work itself, which may include tasks like
removing and dumping of contaminated soil, the
preparation of the subsoil for structural loads or the
realization of cover systems. In other words, what is
calculated here is the amount of money to be invested into a
derelict site to make it attractive for potential investors.
For the Prosper site the square meter price for the entire
area was estimated as 45 OM (28 US $). In contrast, for
Brauck Park 108 DMJm2 (68 US $1m2) had to be raised.
However, as mentioned already, half of the Brauck expenses
were covered by the European Regional Development Fund.
It furthermore has to be taken into consideration, that the
percentage of green sectors on the Prosper site is 40%,
whereas on the Brauck site only 30% are park zones. 10%
more space to build structures on means a lot in a region as
densely populated as the Ruhr District. Finally it has to be
realized, that the enviroDJDental agencies prohibited any
major excavation on the Brauck site categorically, thus
forcing the experts involved to design expensive cover
systems strong enough to build on.
It was learned from the remediation of these sites that cost
reduction may start in a stage as early as the first desk work
to be carried out in order to understand the peculiarities of
a specific site. The first step in a remediation attempt must
be the research on the history and former utilization of the
site under consideration which includes the evaluation of all
available historical documents and aerial photographs.
Figure 7 gives an impression of the former distribution of
the mining facilities and factories on the Brauck site. The

CONCLUSION
In order to judge whether the remediation of a site has been

successful and the performance objectives have been met a
number of controlling parameters can be identified. The
most important one is the environmental compatibility of
the remediation measures chosen which mirrors any
potential as to a negative manipulation of the status quo,
such as an unfavorable altering of the groundwater
direction or the emission of contaminated dust during the
remediation work. The institutions to control the legitimacy
of the methods selected are the state environmental
protection agencies. For the two sites under consideration
the excavation strategy chosen for the Prosper site has to be
judged as the less favorable one. Although it was guaranteed
for both cases that after the completion of the remediation
measures the quality of the surrounding environment will
increase, the excavation work carried out on Prosper m
imposed on the air quality during the ongoing work and
made special protection measures for the workers
necessary.
The next important parameter to judge the success of a
remediation project refers to the costs. In order to make the
costs comparable they may be quantified as remediation

documentated In both, aerial
photos and historic maps
documented only In historic maps
documented only In aerial photos
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Fig. 7. The distribution of the mining facilities and former factories on the Brauck site as detected from both, historic maps
and aerial photographs.
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historic research may also consider allied forces aerial
. photographs taken during world war II which can assist in
identifying the impact of the bombardments and thus
potential sources of pollution. Based on this evaluation an
'intelligent' and therefore cost effective drilling program
can be laid out. Since at this stage the locations where to
lock for which type of contaminant is already rather clear a
considerable amount of money can be saved which
otherwise would have been pumped into a regular square
grit campaign. An important step within this procedure is to
implement all information relevant for the contamination of
a certain site into a - preferably digital- worksheet.
Geostatistical methods to understand the spatial distribution
of the contamination may well support the aim to minimize
the remediation costs (GENSKE et al. 1992).
There is a third parameter which controls the success of a
remediation project: the time needed to complete the
remediation work. Since part of the money provided to
remediate a site is public money certain deadlines have to be
met in order to secure a continuous funding. This especially
applied to the Brauck case where a tight time schedule was
dictated by the European Community Sponsors.
To conclude, it should be mentioned that no single
industrial waste site resembles another one. This is because
of a variety of reasons such as the geological situation, the
degree of contamination, the existing infrastructure, the
type of funding, the amount of time to do the work and not to forget - the inclination of the governmental agencies
involved to cooperate with the 'remediators'. The strategies
therefore have to be coined to the special characteristics of
the remediation project. This makes it necessary for all
experts and individuals involved to cooperate in a positive,
interdisciplinary way.
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